Web-based Medical Imaging and
Clmical Trial Data Repository

BEdward B. Sul, Sc.ID., Associate Director

Division: oif Computational Bioscience
Center {or [nformation Technology
National Instituies oi Health

Voice: 301-496-0776

Email: suhe@mail.nih.gov



Web-based Repository Sysicm
ior the National Instituie off Neunological
[Disonders and Stroke (ININDS)



Outline

Background and Goal
Client-Server System Architecture
Middlewarne Implementation
IDatabase System: [Layout

System Security

Web:based Repository

Soltware Tools

SUmmary

Future Works






Background

NINDS needs to store, access and manage
medical images and data obtamed from: clinical
trrals

a [DiScover biomarkers, fionr disease states, determine
the genetic origin off discase, evaluate the results ol
climicall trials, and identilyy promising stioke
therapies) through ther use off imaging surtogate
markers



Goal

Developr a Web-based repository: system: to
store and manage medical imaging and clmical
trial data

n Multi-tier: clieni=server system, using commodity
hardware and soiftware components

n Scalable database and' storage system design (o
accommodate large volumes oif data

n Integration of multiple’ databases as, a smgle
repository aceessible via seeure Web



Client-Server System Architecture
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Client Tier

* Forms, Reports
* Upload/Download

Database Search Tools

Web Browser »  Meta-data Search
* Forms, Reports

@ =

Web-based Applications

Data Analysis Tools
* Data Mining

» Visualization

* File Manager

* Image Processing

* Image Upload/Download
Applet Tools System Management
» User Management
Standalone Applications . System Admin.
« Patient Information
Randomizer

* Image File Manager
* Image Processing

* Query across Multiple DBs
* Configurable Queries

Online Transaction Requests

Internet, TCP/IP
HTTP, SSL
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Advantages

* Simple, Ubiquitous

* Platform Independent
* Standard, Commodity
* Secure, Transparent
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Application Ticr

Online Transaction Request

¥ FEorife Reporis I Llnux UNIX , PC, MAC  Linux Cluster/SMP

*Applet
Upload/Download JHTML
Database Search Tools *JSP
*  Query across Multiple DBs *EJB
» Configurable Queries XML

*  Meta-data Search

JDBC, NFS
Web Server 3D Reconstruction

* Apache Image Processing
» Netscape Data Mining

PC, MAC, Linux, UNIX C)

(DAdvantages

* Workload Distribution
* Platform Independent
* Standard, Commodity

Internet, TCP/IP
HTTP, SSL

Data Analysis Tools

*  Data Mining

* Visualization
File Manager

Image Processing Application Server * Secure, Transparent
System Management * WebSphere * Fail-safe Mirroring

User Management » WebLogic * High Throughput
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Database Tier

Linux, UNIX, PC, MAC Data Warehouse

|
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Database Servers
e OQOracle 81
« SQOL2000

JDBC, NFS

SNESORIY - A ai il Network, SCSI,
High-speed ‘ ‘ Fiber Channel
Network Linux Cluster/SMP @
FileMaker Text File CD Advantages
I Access  Excel * Transparent Integration
* Platform Independent

« Standard, Commodity

Parallel Database « Fail-safe Mirroring
* High Throughput




Storage Tier

Linux, UNIX, PC, MAC

NFS

DVD Near- Parallel Storage
line Storage System
Network, SCSI, [/
Fiber Channel - Q\
Network Attached High-speed p /]
Storage Backup \[) Advantages

e Transparent Integration
* Platform Independent
* Standard, Commodity
* High Throughput
Storage Area * Security

Network




Middleware Implementation

The secure Web: server and the Enterprise
Java Beans (EEJB) application server manage
the entire workflow process from the usern
authentication to the data tiansaction.

The user interface 1S provided through
HTMIL and JSP pages for the storage, query,
and retrieval off data in-and-out of the
database.

When the' user presents a request tor access
the database, the JSP' and/or serviet mvoke
the appropriate: business logic: implemented
as an EJB component hosted on the EJB
container.

The EJB components access the database
using JDBC to perform the requested service
and returns results.

The EJB server handles all the low-level
details including database ncad and write
operations.
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System Security,

Finewalls, sectire socket layer commumnication,
128=bit RC4: " strong password encryption,
iatled logm locking mechanism, data access
level controls (Kerberos), and mtrusion
detection systems



Web-based Repository,

NIH Medical Image Archive System

National Institute of Neurological Disorders and Stroke

his NINDS Medical Image Archive System (NMIAS) is d ed and maints hy the Division of Computational Bioscience of
: Center for Information Technology for the National Institute of Neurological Disorders and Stroke at the National Institues
of Health.
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Suburban Hospital Stroke Study:
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Admission Forms (Cont.)

Fage1of 3

ACUTE CONTEXT: Triage Date Chief Complaints [Clear Selection Risk Factors Comments

Cerebrovascular
Event?
[Clear Selection|

© ves © No

Date of
Onset:

I ]

Cramd ddfyyyy)

I O 7

(ramiddiyyyy)

Altered LOG © Yes

o

Mo

Triage Time:

Confusion O ves

P

Mo

Hypertension

€ ves

© Ho

l_ : l— (HH:MM)

Abnormal Speech © ves

Mo

Diabetes

€ ves

I

Record#:

Date Last
Seen:

1.

Cramd ddfyyyy)

Woke with Symptoms?

€ vyes O no

Unilateral C Left

weakness © pight

o]

Na

CAD

€ ves

O ves

Ethnic
(8]

|Clear Selecti

© Black or

I
Ll African-american

© Native
Hawaiian or Other
Pacific 1slander

0 Asian

Time Last
Seen
Normal:

(HH:MM)

Symptoms Progression

Diffuse Weakness © ves

Difficulty walking Yas

Smoker

© Current

© Former

o
American-
Indian or
alaskan
Mative

© Unknawn

© ves © no O Unknown

Time First
Seen with
Symptoms

L

(HH:MM)

Abrupt

Fluctuating

Rapid Improvement

Unknown

Visual
Abnormalities

Overweight /obese

-

Nausea/Vomiting

Sickle Gell Disease

Headache

Dizziness

Etoh

Loss of
Coordination

Hyperlipidemia

Sensory Changes

Illicit Drugs

alol o |olo|lal olo

Seizure at Onset

o NNol ol el Eol Ko} Bio Nl No Nl Ho )

Prosthetic Heart
Valve

l_ ! l_ ! (s dd/yyyy)

Age:

rs

Natural
History
Consent
Date:

I ]

(mm/ddfypyy)

Natural History
Consent:
|Clear Selection

Comments

Yalvular Heart

Di

Sex:

Clear Selecti

© Female © Male

Contact
Telephone:

—

Natural

History

Consent
Time:

1.

(HH:Mm)

Mode of

© Fire/Rescue O Inpatient

€ Personal Auta © Helicopter

Private

Neurologist:

—

Self

Surrogate

Waived

Mot Obtained

Refused

verbal

Paging
Time:

(HH;MM)

Date of
Admission :

C 1l el

(i ddiyyyy)

Contacted?

Stroke
Team
Arrival
Time:

(HH;MM)

Primary MD:

—

C ves  No

L]

Previous Stroke

TIA

PE/DVT

LYH

Cancer

Carotid Disease

PY¥D

Infection within 1
wik of Admission

Recent Surgery

HRT

Page
P

© 43-1 C 43-2

Page
Answered
by:

™ gaird [T chalela [T Davis
[T Ezzeddine [T Haymore

T wMyquist T warach

Comments:

Birth Control Pills

GOX 2 Inhibitors

A




Admission Forms (Cont.)

Disposition from ER : studies Eligibility NIH Stroke Scale Barthel Scale

cu Matural History Context Admit

ICUsSD Reperfusion el
Done O Yes

Telemetry HEME ER & o Done

Regular Floor HEME GHR. ] C Left

Stroke Unit angioplasty CCAS gtrnke Side C Right Bathing (0,5)

ymptoms
© pilateral Stairs {0,5,10)

Context PRE- Admit

Home Rosie

NIHSS time l— 2 l_ l— i l_ Dressing (0,5,10)

MRI Done 13 LOC walking (0,5,10,15)
[Clear Selection) MRI Delay Cause
1b LOC Questions Transfer (bed to chair)

Scanner Not Available e (0,5,10,15)
Admit MRI Start . Feeding (0,5,10)

;gﬁt(f;?::‘;igz;_ (HH;MM, Unstahle Medical Condition 2 Bostigaze
3 visual

Pt Restrm . Grooming (0,5)
4 Facial
Bladder (0,5,10)

4 Admit MRI Finish
3 X Ga L
Admit CT y : Time (Stamp on Poor IV Access See gl
Start Time: (HH:MM) Last Sequence): (HH:MM) Bowel (0,5,10)
3 Sb R arm
Unknown History/awaiting Family Barthel Total
3L Leg Show Total

Toilet Use (0,5,10)

issi |Clear Selecti Check All Ne issi i i [The Barthel Values are
Admission Meds lear ion| [Check All NoJ Admission Diagnosis s o Sl Al e e
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in the Total as 100 or 0 and
Ca Channel BI

C No Ischemic Stroke
© No

Fress  Auta Fill ]

7 Limb ataxia

TIA

Rankin

o)

Beta blackers

Primary ICH Bisensary

Alpha blockers Context PRE-Admit

Diuretics 9 Language © ves

e Dane

Oral antiDi 10 Dysarthria St hio

BN

Insulin

Score |

11 Meglect

NIHSS Total Oxfordshire Clear Selection)
Show Total

Other Ox

Mitrates

Statins
ASA B1
ASA 325
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Primary CV

Auto Fill Auto Fill
[The NIHSS Values Context Admit
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filled if you type in
the Total as 40 or 0
and prass " Auto Fill © Tacl
]

ubdural
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Traumatic Epidural

Plavix ICH Location

Ticlid Lobar o LAt
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&ny Change in Pons
medication prior to
event? Cerehellar

A
A

ag|a|aj|aoja|a




Admission Eoerms

Page 3 of 3

Thrombolysis

IV t-PA

Stroke Location

wascular Territory

F None

If None, why?

1/

(rmrnf ddf yyyy)

—

Time

.

(HH:MM)

Frontal Lobe

R ACA

Parietal Lobe

L ACA

Time

© yes &

—

Total Ii
dose

Tempaoral Lobe

R MCA

Occipital Lobe

L MCaA

Patient
Refused =

¥es &

Stat Improvement?

Clear Selection)

Caudate

F. Lenticulostriate

During Infusion

Putamen

L Lenticulostriate

Internal Capsule

R. &int Choroidal

Sewverity

¥es &

Up to 4 Hours After Infusion

Globus Pallidus

L &nt Choroidal

Bleeding
Risk

vas &

Up to 24 Hours After Infusion

Centrum Semiavale

R PCA

Up to 5 Days after Infusion

Thalarmus

L PCa

Midbrain

. Yertebral

IV t-PA

C yas @

Mo

Delayed Improvement?

Paons

L vertebral

Mo

Medulla

R MCA Watershed

1A Thrombolysis

< oyes @

Mo

Yas, sudden

Cerebellum

L MCa Watershed

Surgical

< yes @

Mo

Yes, over hours

Unknown

a|aojaja(a|o|a|ojaio|a|ajojo(o

Basilar

Yes, aver days

Basis of Diaghosis

Unknown

a|a(aojoja|a|aja|a(ajoja|ajajo|o

Basis of Diagnosis

Irmaging Confirmed

Clear Selection

Intra-arterial Thrombolysis

Date

I Y

Crornd de/yyyy)

Stroke Medical
Complications

Date Clear Selection|

Cheek All No|

Clinical Impression

Imaging Confirmed

P Y

(mmdddiyyyy]

Time Started
(procedure)

(HH:MM)

ovT

-

t-Pa Infusion

Prieumonia

Coves Mo

UTI

Start Time

L[]

(HH: MM

Clinical Deterioration

Clinical Impression

Thrombolytic Complications?

© vyes

© Mo

Pre-admit Neurcoimaging Log

Date

I 2 I P

(i ddyf yyyy)

Time

(HH:MN;]

7 T 2

(i ddf yyyy)

Pulmonary Embolus

Occurred During RX?

Study Type

Finish Time

(HH:MM)

Seizures

Immediately After?

Recurrent Stroke

Total dose

—

Gomments

Hermorrhagic
Transfarm

Herniation

Hemorrhagic due to
anticoagulation

Death?

Support
Withdrawn?

=
p=
(.
p=
=
-
=
=
-
=
&

Dol oo o|D|0|0|D|0|0]|D

Yes

Symptomatic Brain
Hemarrhage

I ves

MRI Head

Asymptomatic Brain
Hemarrhage

MRI Neck

Systemic Hemorrhage

SaH

MRI &rch

Puncture Site

Other

MRI Heart

Immediate Cause
of Death?

Clear Selection

" Meurological

" Mon-Neurological




Printable Eorms

2 NIH Medical Archive System (NINDS) - Microsoft Internet Explorer
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e

Paging Time: Symptoms Progre:

stroke Team Amival Time:
Page Priori

Page Answered by:
[Private Neurologist:

[Primary MD:

]
Comments
I —

Death?
Support Withdrawn2
Immediate Cause of Death? =

Chief Complaints Risk Factors
Altered LOE Hypertension
tonfusion Diabetes ;.
CAD
AFib
Smoker
i

Nause:

g
Headache
e

Time

Occurred During RX? -
Immediately After? .

Suburban Stroke Database Data Collection Sheet -Page 3 of 3

Oxfordshire
Context Admit
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Suburban Stroke Database Data Collection Sheet -Page 1 of 3



Coniigurable Query

<< Back Forward >> Archive Resources

NIH Medical Image Archive System

o e T

NMIAS 1, 7 7

P Clinical Pages
P Upload Matg:lical Images Image & Data Query

P> Image & Data Query - Build Search Criteria

ck any of the following options and press Build Criteria to build a search query.

[T Risk Factors

Studies Eligibility [T Medication ¥ Diagn
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Patient Infarmation M Chief Complaints

Stroke Location W st

CIT | NINDS | DCB




ligurable Query Fonms

Suburban Hospital Study
Image & Data Query

- Search Criteria

Medical Record #

Difference between Time
of Onset and Time of >= VI DO x| ey
C ves © No

Admission
Maone =

T cT [T MRI Head

Acute Cerebrovascular
Event

Thrombolysis

Examination Type T MRI Meck [T MRI arch

Clinical Yisit Type

[T MRI Heart

Patient Information

Last Name

First Name

Date of Birth

|Monj |Dﬁyj |Yearj
li

© Female 0 male

)
£
£
g
E

Chief Complaints
Altered LOC

=
o

Confusion

abnormal Speech
Unilateral Weakness
Diffuse Weakness
Difficulty wWalking
Yisual Abnormalities
Mausea/ Yomting
Headache

Dizziness

Loss of Coordination
Sensory Changes

¢ le e el Waile e le Moo s Re
¢ile e ielle Wailie e le Mo llo o e

Seizure at Onset

Diagnosis
[schemic Stroke
TIA

Primary ICH

SaH

ANM

Other D

Primary CV
Subdural
Traumatic Epidural

Thrombolytic Complications

Occured During RX 7
Immediately After ?
Symptomatic Brain Hemaorrhage
Asymptamatic Brain Hemorrhage
Systemic Hemorrhage

SaH

Puncture Site

Other

Stroke Medical Complications

DVT

Prieumaonia

UTI

Clinical deteioration
Pulmonary Embolus
Seizures

Recurrent Stroke
Hemaorrhagic Transform
Herniation

Death 7

Support Withdrawn
Irmmediate Cause of Death 7
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QD000 00D0000
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Query Output Results

<< Back - Forward >> - Home Resources

ET20)

NIH Metical image Archive System

NMIAS 1,7/

Image & Data Query

- Search Results &0 H:,76451,7645-2
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; 45-2-dw-b0-m
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Query Result Download
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Search across Suburban/(GAIN

NIH Medical Image Archive System

#

National Institute of Neurological Disorders and Stroke

Stroke Image Repository

@ Suburban Study - Search Criteria

@ Clinical Pages

® image & Data Query Study (select one or mare)
0 GAIN Study
I Stroke Image Repository o ¥ W Suburbian

1 Data Analysis
Patient Information

Clinical Scales

o MIHSS Total |5 to

o Barthel Total

Yolumes

Treatment

o T

Miscellaneous

t Time Calculation >= l HH ]




Suburban/GAIN Search Results

<= Back Administration Archive Resources

NIH Metical Image Archive System

National Institute of Neurological Disorders and Stroke

Stroke Image Repository

- Search Results

pt the security warning alert for file access permi
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Records : 8
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Systems Administration

e System { NINDS ) - Administration

Users List Logout  Main Archive website << Back Userslist Logout Main Archive website << Back

Users : 11

Organization Telephone Email User Type Status A“E;:ﬁ(t“““t A“E‘ﬂ;{"“‘g
{42 https:/ /imagearchive.nih.gov/nindsapp/a v A e Unli Unlirm
Access Privileges
Name
1 E

Access Level

Access Privileges

M Clinical Infarmation M Imar



Image Upload Tool

'a MIH Medical Archive System - Upload Tool - Microsoftl 'a MIH Medical Archive System - Upload Tool - Microsoftl

Upload Tool Upload Tool

RHDR.001

Upload Complete




Image Download Tool

3 NTH Medical Archive System - Download Tool - Microso 3} NTH Medical Archive System - Download Tool - Microso

Download Tool Download Tool

mMedical Record # : 1156310 Medical Record # : 00000
Exam Mo : 1059 Exam WNo : 053254

Seres No : 1059-1
Download

Download
Patient Info Clinical Info Images

[¥] Patient Info [¥] Clinical Info [¢¥] Images
Choose a Directory to save :

Browse Download Complete
Progress :

Choosze a Directory to save :

Download




Patient Inio Randomizer (Cont.)

£ Blind Study Directories Randomization

Selected Directory

CIMIAS GinXGenesis'Sub\1001 10004969001
CMIAS'Gink'Genesis'Subi1001100W049691002 Select Directory
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Delete Directory
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Reorder Directory

Select Study Root Directo
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Patient Name: John Doe
Patient ID: 1001100
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Patient Name:
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Image File Manager (Cont.)

mage Manager

File Edit View

 BEBIB0
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Laok for media in:
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Folder:

=

File types to search fi
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b=

=
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R e e e
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The locations of these files will be recorded by null.
null will not make any changes to these files
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B9 items.



Image File Manager

mage Manager

“. Cheshire{TM) - [MRO02-000-001.dcm] B

Edit

18 items.



SUmimary

Developed a scalable; secure and high-
throughput Web-based medical imaging
and clinical trial data repositony,

Developed software tooels for the paticnt
miermation anonymization and the image
ffle management



Euture Works

IDevelopr a datas warehousimg, environment
101 accommodate and manage medical
maging and clinical tral databases

Developr conteni-based mmage: retreval,
data mimmg and visualization tools



TFhank you



Clmical Inio. Mgmt. System

Web-based Transaction System

Protocol
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Clinical
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Research
Results

System
Admin.
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Medical Imaging / Clinical Trial Data Warehouse

\ 4

Tracking /
Doc.

Data Mining

A 4

Meta-Data

Web-based Data Marts

* Protocol

o Clinical Trial Data
s Patient Information
s Medical Images

* Research results

* Microarrays

Query, /
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Data Warehouse Architecture

Data Source Data Warehouse End User Access
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Meta-data Repositony

Metadata Repository
~ Y

Source Systems

| 1. Load

Web Interface

\V4

7. |Que
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